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Abstract
Background and objectives To investigate the feasibility of delivering a functional exercise-based prehabilitation intervention
and its effects on postoperative length of hospital stay, preoperative physical functioning and health-related quality of life in
elective colorectal surgery.
Materials and methods In this randomised controlled feasibility trial, 22 elective colorectal surgery patients were randomly
assigned to exercise prehabilitation (n = 11) or standard care (n = 11). Feasibility of delivering the intervention was assessed based
on recruitment and compliance to the intervention. Impact on postoperative length of hospital stay and complications, preoper-
ative physical functioning (timed up and go test, five times sit to stand, stair climb test, handgrip dynamometry and 6-min walk
test) and health-related quality of life were also assessed.
Results Over 42% of patients (84/198) screened were deemed ineligible for prehabilitation due to insufficient time existing prior
to scheduled surgery. Of those who were eligible, approximately 18% consented to the trial. Median length of hospital stay was 8
[range 6–27] and 10 [range 5–12] days respectively for the standard care and prehabilitation groups. Patterns towards preoper-
ative improvements for the timed up and go test, stair climb test and 6-min walk test were observed for all participants receiving
prehabilitation but not standard care.
Conclusions Despite prehabilitation appearing to convey positive benefits on physical functioning, short surgical wait times and
patient engagement represent major obstacles to implementing exercise prehabilitation programmes in colorectal cancer patients.
Keywords Prehabilitation . Colorectal surgery . Exercise programme
Introduction
Interest continues to grow into preoperative exercise or
‘prehabilitation’ as a strategy to improve postoperative out-
comes [1, 2] by increasing physiological reserve in surgical
patients [3]. A 2015 Delphi study of 19 consultant colorectal
surgeons [4] reported a consensus that exercise programmes
should form part of the preoperative care pathway; however,
there was no agreement on whether it would be feasible to
deliver such interventions within the routine UK care pathway
where treatment is required to be initiated with 31 days of the
decision to treat [5]. Given the short window that exists for
prehabilitation to take place, any strategy employed must be
as efficient as possible to achieve worthwhile changes within
this timeframe.
Research to date has predominantly adopted either uni-
modal cycle-based high-intensity interval training (HIIT) [6,
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7] or multimodal interventions incorporating moderate inten-
sity continuous aerobic exercise with more traditional major
muscle group targeted resistance exercise and other nutritional
and psychological components [8, 9]. These approaches how-
ever are dependent on the individual being physically capable
of performing such exercises, potentially excluding the less
physically able, as well as sufficient preoperative time being
available for the intervention to be effective.
With 83% of new cases of colorectal cancer diagnosed in
individuals aged 60 years or older [10], many of these patients
are likely to have a number of common movement deficits
which exist within the general population. For example, age-
related reductions in ankle [11] and hip [12] range of motion
(ROM) are associated with decreased gait speed, impaired
balance and increased risk of falls [11, 13, 14]. Many of these
limitations could not only impact on the individual’s ability or
willingness to participate in prehabilitation but also affect their
ability to perform activities of daily living (ADL). Undergoing
major surgery may further exacerbate these deficiencies, in-
creasing the risk of postoperative immobility and decreased
postoperative quality of life.
Within a sporting context, it has been suggested that
adopting a systematic joint-by-joint approach to functional
exercise training may address these issues more effectively
than traditional resistance training [15]. Functional training
is proposed to target the whole neuromuscular system in-
volved in movement rather than specific single joint and mus-
cle movements [16]. By predominantly adopting weight bear-
ing multi-joint and multi-planar exercises to target joints and
muscles involved in providing movement and stability, defi-
ciencies that impact on the body’s ability to act as an efficient
kinetic chain can be addressed, improving the ability to per-
form ADL [15]. Functional prehabilitation training has never
been applied to a clinical population; therefore, it may repre-
sent a more encompassing format, with the potential to im-
prove preoperative physical functioning and subsequent post-
operative outcomes.
The aim of this feasibility trial was to investigate the po-
tential effects of a novel prehabilitation intervention on post-
operative recovery. The impact of prehabilitation on preoper-
ative physical functioning and health-related quality of life
(HRQOL) were also assessed. Furthermore, the feasibility
and acceptability of the intervention to patients within the
standard care pathway of NHS secondary care hospital were
assessed. This was to inform the potential design of a defini-
tive trial in the future.
Patients and methods
This prospective feasibility randomised controlled trial (RCT)
was conducted in a UK secondary care hospital. Ethical ap-
proval was received from the NHS Yorkshire & The Humber
NRES Committee (13/YH/0322). The study was registered
with clinicaltrials.gov (NCT02264496) and conducted in ac-
cordance with the Declaration of Helsinki. Initially adult pa-
tients (18 years or older) identified during multidisciplinary
team meetings and scheduled for elective colorectal cancer
surgery were included. Inclusion criteria were extended to
include patients with benign disease after 9 months of recruit-
ment due to the poor recruitment rates. Patients were ineligible
if they had a known cardiac or uncontrolled metabolic or
respiratory condition precluding exercise, were hypertensive
(systolic blood pressure > 180 mmHg and/or diastolic blood
pressure > 110 mmHg) and had any pre-existing severe phys-
ical disability preventing participation in all components of
the prehabiliation programme. However, an inability to per-
form specific exercises was not a reason for exclusion. The
length of prehabilitation was determined by surgical wait time
alone, with patients approached once a decision to proceed
with surgery had been made, provided a preoperative period
of 2 weeks was expected. All participants provided written
informed consent to participate.
At entry to the trial, baseline characteristics and details of
usual weekly physical activity were collected. The partici-
pants completed five physical functioning tests (timed up
and go test [TUG], five times sit to stand [FTSTS], stair climb
test [SCT], handgrip dynamometry [HGD] and 6-min walk
test [6MWT]) and two HRQOL questionnaires (Hospital
Anxiety and Depression Scale [HADS] and EORTC Quality
of Life Questionnaire-C30 [EORTC QLQ-C30]). The TUG,
FTSTS and SCTwere performed as previously described [17].
Handgrip dynamometry was alternated between the dominant
and non-dominant hand with a total of three repetitions per-
formed per hand. Participants stood in an upright positionwith
their hands positioned by their sides, holding the dynamome-
ter (TKK 5001 Grip A, Takei Scientific Instruments, Shiba,
Japan) in their hand. The grip length on the dynamometer was
adjusted as required to suit each participant’s hand size, and
the setting was documented for the repeat testing. When
instructed, participants squeezed for 3 s before relaxing. The
6MWTwas used as a measure of functional walking capacity.
A single trial was performed in accordance with guidelines
outlined by the American Thoracic Society [18] with the ex-
ception of a 10-m course being used due to space constraints.
Distance walked in metres was recorded at the end of the test.
The same standardised instructions were provided for all tests
to ensure consistency in performance. With the exception of
the 6MWTwhich was performed once, each test was complet-
ed a total of three times following a familiarisation trial with
the mean score used for analysis.
Participants were randomised 1:1 to either prehabilitation
or standard care using a random number sequence (equal
blocks of 20) generated using an online random number gen-
erator (www.randomizer.org) with assignments sealed in
sequentially numbered opaque envelopes prior to the start of
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the trial. All assessments were repeated on the evening prior to
surgery with the HRQOL questionnaires also posted to
participants 3 months after treatment. Length of
postoperative hospital stay, postoperative complications and
adverse events related to the intervention were recorded along
with feasibility based on the number of patients eligible to
participate as well as subsequent compliance with the
prehabilitation programme.
Participants’ allocated to prehabilitation performed a grad-
ed cycling exercise test under medical supervision to volition-
al exhaustion on an electronically braked cycle ergometer
(Ergo Bike Premium, Daum Electronic Gmbh, Furth,
Germany) with breath by breath gas exchange collected
throughout (Quark B2, Cosmed Srl, Rome, Italy). This was
used to aid aerobic exercise prescription. A step protocol was
used, starting with 3-min seated rest followed by 2 min at an
initial workload of 20 W. This increased by 5–25 W/min until
volitional fatigue was reached. Participants were instructed to
provide maximal effort with the test continuing until the par-
ticipant either reached volitional exhaustion, was unable to
maintain a cadence of 60 rpm for more than 30 s despite
encouragement or they developed any signs or symptoms in-
dicated for the early termination of an exercise test [19].
Participants’ allocated to the standard care were instructed
to maintain their normal exercise levels. Participants from
both groups completed physical activity diaries during the
pre-surgical period to monitor any possible control group
contamination.
Prehabilitation programme
The prehabilitation programme consisted of three
individualised 60-min exercise sessions per week delivered
on a one-to-one basis by a certified strength and conditioning
instructor at the University Sport Science Laboratory.
Although the intervention consisted of both aerobic and resis-
tance training (Table 1 and ESI supplementary Table 1), the
resistance programme was predominantly based on the prin-
ciples of functional exercise training [15]. This approach sys-
tematically addresses common movement deficits at each ma-
jor joint complex in the body. These deficits can impair the
performance of ADL and were addressed in this intervention
using functional exercises performed against either (1) body
weight, (2) resistance tubes and bands (Pullum Sports, Luton,
UK) or (3) dumbbells (Reebok, Amsterdam, Netherlands) or
kettlebells (Eleiko, Halmstad, Sweden) of differing resistance
[0.5–10 kg]. Full descriptions of each exercise can be found
elsewhere [21]. Starting exercise and resistance were depen-
dent on the participant’s physical capabilities with the pro-
gramme tailored to the individual. Inability to perform any
specific component of the programme was not a reason for
exclusion with the intervention adapted to ensure continued
participation.
Progressions were applied every two to three sessions,
dependent on the participant’s ability to demonstrate cor-
rect technique and participant-reported difficulty.
Progressions involved either increased repetitions/
duration followed by added resistance or progression on
to an exercise with greater technical difficulty. Whenever
resistance was added, the number of repetitions was re-
duced to control for training volume. Given the popula-
tion involved, there were occasions when regression was
required for individual sessions (e.g. participant-reported
fatigue or muscle soreness at the start of session), and in
these instances, repetitions/resistance/duration was re-
duced accordingly. All progressions aimed to be challeng-
ing yet achievable in order to maintain motivation, and
encouragement was provided throughout each session.
Initial prescription of aerobic exercise was based on heart
rate reserve (HRR) calculated from the graded exercise test. In
the first session, 10 min of cycling at 40–60% HRR was per-
formed by participants on an electronically braked cycle er-
gometer (Ergo Bike Premium). As tolerated, duration of cy-
cling was increased by 2–5 min per session up to a maximum
duration of 25 min. Subsequent progressions and regressions
Table 1 Outline prehabilitation session structure
Warm up
5 min of cycle ergometry at 40–50% heart rate reserve (as determined
by graded exercise test)
Resistance circuit 2 (3 to 4 sets)
Ankle range of motion exercises (seated heel/toe mobilisation, ankle
mobilisation, heel walking, sit to stand (with variations in foot
placement)
Medial glute activation (band resisted sit to stand, side lying bent leg hip
abduction, X-band walks)
Thoracic spinal mobility (seated postural exercise variations, standing
postural exercise variations, lying thoracic spinal mobilisation with
roller (sagittal and transverse), foot raised thoracic extension
Shoulder function (band pull apart variations, band resisted external
rotation, seated row with bands, lying scapular setting)
Moderate intensity aerobic exercise
Up to 25 min of cycle ergometry at 40–60% heart rate reserve and/or a
perceived exertion of between 11 and 13 on the Borg scale [20]
Resistance circuit 1 (3 to 4 sets)
Hip flexor range of motion exercises (standing hip flexor stretch, lying
hip flexor stretch, split squat, rear foot elevated split squat)
Gluteal activation (bilateral lying gluteal bridge, cook hip lift, foot
elevated single leg gluteal bridge, shoulders elevated bilateral and
unilateral gluteal bridge)
Whole kinetic chain (kettlebell swings, dumbbell push press)
Core control (high kneeling band anti-rotation, band resisted side
shuffles, suitcase carry, ball passes)
Cool down
5-min gentle walking and stretching
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in exercise intensity were based on participant heart rate re-
sponse and/or participant self-reported perceived exertion
[20]. Each session was logged by the instructor, detailing at-
tendance, exercises performed (repetitions, sets, duration),
measures of intensity (heart rate, perceived exertion) and any
components not performed. Daily physical activity during the
preoperative period in both groups was recorded through com-
pletion of self-report physical activity logs. No specific in-
structions or restrictions were placed on the physical activity
the standard care group could perform.
Statistical analysis
As a feasibility study, no power calculation was per-
formed for the primary outcome, length of hospital stay.
It was proposed that recruitment of 60 patients with full
data sets available would provide sufficient information
to determine sample size for a definitive study. This
estimate was based on the previous work on ‘enhanced
recovery after surgery’ protocols [22].
All analyses were performed using IBM SPSS statistics
version 20 (SPSS Inc., Chicago, IL) according to an
intention-to-treat principle with the primary analysis focused
on descriptive statistics. Depending on normality of distribu-
tion, either mean ± standard deviation or median and inter-
quartile ranges [IQR] were reported with minimum/maximum
values displayed for both.
Between-group comparisons were completed using either
independent sample T tests or Mann-WhitneyU tests depend-
ing on normality of distribution. Due to the non-normal dis-
tribution, within-group changes were assessed using the
Wilcoxon rank-sum test with 95% confidence intervals calcu-
lated [23].
Results
Recruitment
Within the study, a total of 198 potentially eligible patients
were listed for major elective colorectal cancer resection sur-
gery, of which 84 patients (42%) were ineligible due to insuf-
ficient time (< 2 weeks) until surgery. Out of the 114 patients
approached, 21 colorectal cancer patients consented (18.4%)
with two additional patients recruited following the inclusion
of patients with benign disease. One cancer patient withdrew
prior to baseline assessment whilst one further cancer patient
withdrew from the prehabilitation group 2 days prior to sur-
gery having completed the programme, due to an unrelated
adverse event. Flow of participants is displayed in Fig. 1 with
patient demographics shown in Table 2.
Acceptability of exercise intervention
In the prehabilitation group, a total of 69 sessions were
attended out of a potential 77 (89.6%) by the 10 participants
prior to receiving surgery. Individual participant adherence
ranged from 75 to 100%, with half (n = 5) attending all ses-
sions. Reasons for missing sessions included a pre-arranged
holiday (1 session), attendance at family events such as wed-
dings and funerals (3 sessions), work commitments (2 ses-
sions) and transport issues (2 sessions) and were all known
in advance. The mean number of sessions attended was 6.9 ±
2.3 [range 3 to 10 sessions] with a mean prehabilitation period
of 22.0 ± 7.5 [range 13 to 35] days. A summary of exercises
performed across all participants in the prehabilitation group is
included in ESI.
Outcome measures
Given the low numbers recruited, the clinical outcomes and
HQROL have only been reported descriptively for informa-
tion (ESI supplementary tables 2 and 3). For the primary out-
come, median length of stay was 2 days less in standard care
than in the prehabilitation group (8 ± 5 days vs. 10 ± 7 days).
All nine prehabilitation participants improved TUG, SCT and
6MWT performance at reassessment (Fig. 2 and Table 3). A
similar pattern of change was not evident for standard care
(Fig. 3). At reassessment, the distance walked in the 6MWT
increased by on average 17.0 ± 9.0% (min/max 3.9 to 31.2%)
following prehabilitation compared to the 1.9 ± 10.1% (min/
max − 9.2 to 21.2%) following standard care. Similar patterns
of change at reassessment were not seen in either group for the
FTSTS or handgrip dynamometry.
Discussion
In the UK, current NHS targets dictate that treatment in cancer
patients is initiated within 31 days of the decision to treat [5]
providing only a short window of opportunity to implement
prehabilitation, in patients awaiting surgery. In the current
study, this has resulted aspects of feasibility and acceptability
taking precedent over the original primary outcome. Over
40% of patients assessed were ineligible due to insufficient
time existing prior to surgery (< 2 weeks), with the recruitment
rate further compounded by a consent rate of 18.4%. This
highlights the issue that not only surgical wait time targets
present to the feasibility of delivering prehabilitation to elec-
tive colorectal cancer patients but also engaging individuals
unaccustomed to regular structured exercise programmes pre-
sents. Whilst it is important to acknowledge that the availabil-
ity of a dedicated research nurse may have improved recruit-
ment rates above 18.4%, established multimodal interventions
such as cardiac rehabilitation in England only obtain an annual
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uptake of 50% of those who are eligible [24]. The reasons for
non-consent were not formally collected in this study, com-
monly noted reasons for non-participation included insuffi-
cient free time, being unable to travel and other personal com-
mitments. This was despite funding being provided to cover
travel expenses and flexible time slots being available to try
and promote participation. We speculate that the proposition
of undergoing the programme after a recent cancer diagnosis
with looming surgery may also have impacted recruitment but
also note the high adherence of those who did choose to
participate.
In contrast to the majority of literature to date, the interven-
tion in this study adopted the joint-by-joint approach of using
individualised functional exercises rather than predominantly
focusing on aerobic exercise. This novel approach aims to
address common areas of muscular dysfunction and move-
ment impairment, improving movement throughout the
body’s whole kinetic chain [15]. This systematic approach
aimed to increase mobility in the ankles, hips and thoracic
spine, enhance the activation of the gluteus medius and glute-
us maximus muscles and improve core and scapulae stability.
Positively, although the sample size was limited, the overall
acceptability of the intervention for those allocated to the
prehabilitation was good, with approximately 90% of sessions
attended and all patients completing the invention. Whilst on-
ly 5 patients (50%) completed all sessions, over 80% were
completed by 9 out of 11 patients. Furthermore, all missed
sessions were known in advance and mainly as a result of
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
Entry Pre-surgery
Se
co
nd
s
Timed up and go
6.0
8.0
10.0
12.0
14.0
16.0
18.0
Baseline Pre-surgery
Se
co
nd
s
Five Times Sit to Stand
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
Baseline Pre-surgery
Se
co
nd
s
Stair Climb Test
10
15
20
25
30
35
40
45
50
55
60
Baseline Pre-surgery
ki
lo
gr
am
s
Handgrip Dynamometry (Right) 
10
15
20
25
30
35
40
45
50
55
60
Baseline Pre-surgery
ki
lo
gr
am
s
Handgrip Dynamometry (Le) 
200
250
300
350
400
450
500
550
600
650
Baseline Pre-surgery
M
et
re
s
6 Minute Walk Test
Fig. 2 Functional tests—individual performance in the prehabilitation group
Table 2 Descriptive data for patients. Mean ± standard deviation [range]; median (interquartile range) [range]
Standard care (n = 11) Prehabilitation (n = 10)
Age (years) 63.5 ± 12.5 [37; 83] 64.1 ± 10.5 [46; 79]
Gender ratio (M:F) 7:4 4:6
Height (cm) 169.1 ± 11. 9 [147.5; 185.0] 160.9 ± 9.2 [145.5; 176.6]
Body mass (kg) 81.1 ± 25.0 [44.7; 119.0] 78.4 ± 13.1 [57.4; 101.4]
BMI (kg/m2) 27.8 ± 5.7 [19.9; 38.1] 30.3 ± 4.3 [24.4; 38.6]
Diagnosis
Colon cancer 4 3
Rectal cancer 6 6
Diverticular disease 1 1
Surgical approach
Open 7 6
Laparoscopic 4 4
Neoadjuvant chemoradiotherapy 3 4
Duration between baseline assessment and surgery (days) 16.0 (6) [14; 33] 23.0 (14) [13; 35]
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unavoidable personal events (e.g. weddings, funerals).
Although formal qualitative feedback was not collected, gen-
eral feedback was that it was well received and consistent with
previous qualitative work in the field [25, 26].
The predominant focus of prehabilitation in colorectal sur-
gery has been to increase physiological reserve prior to sur-
gery in order to improve cl inical outcomes [3] .
Understandably, a HIIT-based approach has been advocated
[27], given that it has been found to be a safe, well-tolerated
and efficient approach to improving objective measures of
cardiorespiratory fitness in clinical and non-clinical popula-
tions in as little as 4 weeks [6, 28]. From a cardiorespiratory
fitness perspective, careful structuring of HIIT interventions
according to the patients’ baseline CPET means the exercise
intensity should be tolerable in all patients. Positively, in the
first trial to demonstrate clinical benefits in abdominal surgery,
Barberan-Garcia et al. [27] reported lower postoperative com-
plication rates following a minimum of 4 weeks (mean 6 ± 2
weeks) of prehabilitation. However, two issues exist: (1) Had
the minimum of 4 weeks criterion been applied to the current
Table 3 Descriptive data for
functional tests Baseline Preoperative Mean/median difference
TUG (s) P Mean (SD)
Median [IQR]
Min; Max
6.79 (1.46)
6.35 [2.36]
5.43; 9.68
6.35 (1.63)
5.80 [2.52]
4.76; 9.56
− 0.44 (0.35)
− 0.35 [0.60]
− 1.04;−0.10
TUG (s) S Mean (SD)
Median [IQR]
Min; Max
6.83 (1.49)
6.73 [1.93]
5.42; 10.03
7.18 (1.55)
7.12 [2.42]
5.12; 10.14
0.36 (0.66)
0.11 (1.16)
[− 0.52; 1.36]
FTSTS (s) P Mean (SD)
Median [IQR]
Min; Max
11.37 (2.16)
10.27 [4.06]
9.03; 14.36
10.71 (2.57)
11.08 [5.05]
7.40; 14.40
− 0.66 (0.92)
− 0.37 [2.89]
− 2.81; 1.88
FTSTS (s) S Mean (SD)
Median [IQR]
Min; Max
11.95 (1.65)
11.67 [2.68]
9.88; 14.76
11.42 (3.01)
10.96 [5.68]
7.52; 16.30
− 0.54 (1.62)
− 0.73 [1.59]
− 1.79; 1.00
SCT (s) P Mean (SD)
Median [IQR]
Min; Max
2.79 (0.61)
2.65 [0.48]
2.03; 4.21
2.47 (0.46)
2.44 [0.53]
1.93; 3.47
− 0.32 (0.18)
− 0.27 [0.17]
− 0.74; − 0.10
SCT (s) S Mean (SD)
Median [IQR]
Min; Max
2.91 (0.50)
2.86 [0.69]
2.22; 3.83
3.02 (0.72)
2.96 [0.93]
2.11; 4.54
0.12 (0.33)
0.05 [0.56]
− 0.33; 0.71
HGD, right (kg) P Mean (SD)
Median [IQR]
Min; Max
27.4 (12.8)
21.5 [16.7]
15.7; 52.8
28.8 (11.6)
25.0 [17.9]
16.3; 50.3
1.4 (3.2)
0.7 [4.6]
− 2.5; 7.7
HGD, right (kg) S Mean (SD)
Median [IQR]
Min; Max
29.1 (9.6)
26.0 [13.3]
17.2; 48.7
28.6 (7.3)
26.8 [11.5]
18.7; 41.3
0.45 (3.8)
0.83 [5.1]
− 7.3; 3.5
HGD, left (kg) P Mean (SD)
Median [IQR]
Min; Max
25.9 (10.5)
21.3 [15.9]
16.8; 46.3
26.1 (10.1)
21.5 [16.0]
15.5; 44.3
0.2 (2.5)
0.5 [4.1]
− 3.8; 4.0
HGD, left (kg) S Mean (SD)
Median [IQR]
Min; Max
26.6 (6.9)
25.7 [10.6]
17.2; 38.3
27.3 (7.0)
25.8 [12.4]
17.0; 37.3
0.6 (2.3)
0.2 [2.7]
− 2.5; 5.3
6MWT (m) P Mean (SD)
Median [IQR]
Min; Max
404.8 (80)
399.0 [94]
246; 523
473.7 (93)
501.0 [133]
298; 600
68.9 (37.6)
68.0 [56.5]
19; 136
6MWT (m) S Mean (SD)
Median [IQR]
Min; Max
422.8 (97)
390.0 [184]
303; 578
460.7 (106)
400.0 [179]
275; 588
7.9 (38.6)
− 6.0 [67.0]
− 35; 70
P prehabilitation, S standard care, TUG timed up and go, FTSTS five times sit to stand, SCT stair climb test,HGD
handgrip dynamometry, 6MWT 6-min walk test
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trial, only 3 out of the 21 participants recruited would have
been eligible; (2) Despite careful tailoring of the intervention,
there is a group of patients who are limited by pre-existing
mobility issues or other conditions precluding cycle-based
interventions. These patients may still benefit from
prehabilitation even when cycle ergometer/treadmill-centred
programmes are not suitable. In the current study, two partic-
ipants were incapable of performing more than 10 min of
continuous low-to-moderate intensity (40–60% HRR) cycle
ergometer-based exercise and therefore probably would have
been excluded from a more cycle ergometer/treadmill-based
intervention.
Although the numbers recruited means no conclusive evi-
dence exists regarding this impact of the prehabilitation on
physical functioning, a pattern towards improved perfor-
mance appeared for 3 of the 5 tests (Fig. 2). Whilst the
influence performance bias cannot be discounted even in
the two patients who could only perform limited
amounts of the aerobic component, improvements of
18% and 21% in 6MWT performance were seen. The
approach adopted in this programme therefore may al-
low those who are less physically able or unaccustomed
to regular exercise of this type to participate in and
benefit from this type of prehabilitation programme.
Whether the training load of the programme was
enough of a stimulus to illicit a change in aerobic ca-
paci ty is unknown. However, given that ear ly
mobilisation after surgery is an important component
of the widely adopted enhanced recovery after surgery
approach to surgery [29 , 30] , a p reopera t ive
improvement in physical functioning may translate into
a quicker return to normal functioning and improved
HRQOL post-surgery.
It is acknowledged that there were limitations to the
study that would need addressing if a full trial was to
be considered in the future. Firstly, the very low con-
sent rate and overall recruitment rate do represent a
potential source of bias in interpreting the results. As
a novel prehabilitation programme, in hindsight, the pri-
mary outcome of length of stay was unsuitable in this
instance. Whilst median length of stay was longer in the
prehabilitation group than the standard care group, it is
not appropriate to infer this was as a result of
prehabilitation given the low sample size and the afore-
mentioned risk of bias. Feasibility outcomes (such as
recruitment rate, prehabilitation adherence) would have
been a more appropriate primary outcome. Whilst this
information has been reported, to ensure transparency of
reporting, it is important to report on the pre-specified
primary outcome measure. As the tester of the function-
al tests was not blinded to the group allocation, there is
potential for bias to have been introduced, a factor that
would be addressed in a definitive trial. The inclusion
of the ASA score would have allowed a better grading
of functional status at time of recruitment. The inclusion
of a qualitative aspect to the study focusing on reasons
for non-consent, and patient and care provider perspec-
tives on this approach to prehabilitation and its delivery
in the NHS would have been beneficial and should be
added to future work.
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Future research should further investigate the recruitment
pathway (e.g. earlier identification of patients) with more re-
fined inclusion/exclusion criteria. This may include the inclu-
sion of a qualitative aspect focusing on patient and care pro-
vider perspectives on this approach to prehabilitation and its
delivery in the NHS. A more focused approach on patients
who are post neoadjuvant treatment where more time may be
available would also be beneficial. Neoadjuvant treatment can
cause the deconditioning of the patient [7]; therefore, func-
tional prehabilitation may provide a step towards a more in-
tensive and beneficial prehabilitation programme. Whilst this
study focused on an exercise prehabilitation, the inclusion of
behavioural change interventions and/or nutritional interven-
t ions making i t a more mult imodal approach to
prehabilitation, building on the existing prehabilitation litera-
ture [31], would also be advantageous to maximise the proto-
col and patient benefit.
Conclusions
Exercise prehabilitation remains an area of interest in preop-
erative care; however, this feasibility study has highlighted
both the logistical issues of short surgical wait times and the
challenges promoting patient engagement may present when
implemented into the preoperative care pathway. Despite this,
with further development, an individual-specific functional
exercise-based prehabilitation programme delivered in a
group setting may represent a viable alternative approach to
HIIT training within ERAS protocols in the future for reduc-
ing post-surgery convalescence, especially in those less phys-
ically capable patients who may be excluded from more in-
tensive interventions.
Acknowledgements The authors would like thank Stephen Hayes and
Christopher Towlson for their technical assistance. We also wish to ex-
press our gratitude to the participants for their support of the trial at what
was a difficult time in their lives.
Funding information This research was funded by Help for Health
(Registered charity number: 1091814) and the Scarborough
Gastroenterology Research Fund (Registered charity number: 1075960).
Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict of
interest.
Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.
References
1. van Rooijen S, Carli F, Dalton S, ThomasG, Bojesen R, le GuenM,
Barizien N, Awasthi R, Minnella E, Beijer S, Martínez-Palli G, van
Lieshout R, Gögenur I, Feo C, Johansen C, Scheede-Bergdahl C,
Roumen R, Schep G, Slooter G (2019) Multimodal prehabilitation
in colorectal cancer patients to improve functional capacity and
reduce postoperative complications: the first international random-
ized controlled trial for multimodal prehabilitation. BMC Cancer
19(1):98
2. Ven Fong Z, Chang DC, Lillemoe KD, Nipp RD, Tanabe KK,
Qadan M (2019) Contemporary opportunity for prehabilitation as
part of an enhanced recovery after surgery pathway in colorectal
surgery. Clin Colon Rectal Surg 32(2):95–101
3. TewGA, Ayyash R, Durrand J, Danjoux GR (2018) Clinical guide-
line and recommendations on pre-operative exercise training in
patients awaiting major non-cardiac surgery. Anaesthesia 73(6):
750–768
4. Boereboom CL, Williams JP, Leighton P, Lund JN, Exercise
Prehabilitation in Colorectal Cancer Delphi Study Group (2015)
Forming a consensus opinion on exercise prehabilitation in elderly
colorectal cancer patients: a Delphi study. Tech Coloproctol 19(6):
347–354
5. Service, N.H. Delivering cancer waiting times - a good practice
guide. [cited 2019 22 May].
6. Dunne DF et al (2016) Randomized clinical trial of prehabilitation
before planned liver resection. Br J Surg 103(5):504–512
7. West MA, Loughney L, Lythgoe D, Barben CP, Sripadam R, Kemp
GJ, Grocott MP, Jack S (2015) Effect of prehabilitation on objec-
tively measured physical fitness after neoadjuvant treatment in pre-
operative rectal cancer patients: a blinded interventional pilot study.
Br J Anaesth 114(2):244–251
8. Li C et al (2013) Impact of a trimodal prehabilitation program on
functional recovery after colorectal cancer surgery: a pilot study.
Surg Endosc 27(4):1072–1082
9. Bousquet-Dion G, Awasthi R, Loiselle SÈ, Minnella EM,
Agnihotram RV, Bergdahl A, Carli F, Scheede-Bergdahl C (2018)
Evaluation of supervised multimodal prehabilitation programme in
cancer patients undergoing colorectal resection: a randomized con-
trol trial. Acta Oncol 57(6):849–859
10. CRUK Bowel cancer statistics. [cited 2019 22 May].
11. Menz HB, Morris ME, Lord SR (2005) Foot and ankle character-
istics associated with impaired balance and functional ability in
older people. J Gerontol A Biol Sci Med Sci 60(12):1546–1552
12. Kerrigan DC, Lee LW, Collins JJ, Riley PO, Lipsitz LA (2001)
Reduced hip extension during walking: healthy elderly and fallers
versus young adults. Arch Phys Med Rehabil 82(1):26–30
13. Alcock L, Vanicek N, O'Brien TD (2013) Alterations in gait speed
and age do not fully explain the changes in gait mechanics associ-
ated with healthy older women. Gait Posture 37(4):586–592
14. Menz HB, Morris ME, Lord SR (2006) Foot and ankle risk factors
for falls in older people: a prospective study. J Gerontol A Biol Sci
Med Sci 61(8):866–870
15. Cook G, Burton L (2010) Movement: functional movement sys-
tems: screening, assessment, and corrective strategies. On Target
Publications, Aptos
16. Beckham SG, Harper M (2010) Functional training: fad or here to
stay? ACSMs Health Fit J 14(6):24–30
17. Northgraves MJ et al (2016) The test-retest reliability of four func-
tional mobility tests in apparently healthy adults. Isokinet Exerc Sci
24(3):171–179
18. ATS statement (2002) Guidelines for the six-minute walk test. Am J
Respir Crit Care Med 166(1):111–117
19. ATS/ACCP (2003) Statement on cardiopulmonary exercise testing.
Am J Respir Crit Care Med 167(2):211–277
Support Care Cancer
20. Borg GA (1982) Psychophysical bases of perceived exertion. Med
Sci Sports Exerc 14(5):377–381
21. NorthgravesMJ (2016) Exercise prehabilitation in colorectal cancer
surgery patients: the effects on physical functioning, health related
quality of life and markers of cellular protection. Dissertation,
University of Hull. https://hydra.hull.ac.uk/resources/hull:15398
22. Gatt M, MacFie J (2010) Randomized clinical trial of gut-specific
nutrients in critically ill surgical patients. Br J Surg 97(11):1629–
1636
23. Campbell MJ, Gardner MJ (1988) Calculating confidence intervals
for some non-parametric analyses. Br Med J (Clin Res Ed)
296(6634):1454–1456
24. British Heart Foundation (2018) The National Audit of Cardiac
Rehabilitation - annual statistical report 2018. https://www.bhf.
org.uk/informationsupport/publications/statistics/national-audit-of-
cardiac-rehabilitation-quality-and-outcomes-report-2018
25. Burke SM et al (2013) Patients’ perceptions of quality of life during
active treatment for locally advanced rectal cancer: the importance
of preoperative exercise. Support Care Cancer 21(12):3345–3353
26. Burke SM et al (2015) Exploring the experience of adhering to a
prescribed pre-surgical exercise program for patients with advanced
rectal cancer: a phenomenological study. Psychol Sport Exerc 16:
88–95
27. Barberan-Garcia A, Ubré M, Roca J, Lacy AM, Burgos F, Risco R,
Momblán D, Balust J, Blanco I, Martínez-Pallí G (2018)
Personalised prehabilitation in high-risk patients undergoing elec-
tive major abdominal surgery: a randomized blinded controlled
trial. Ann Surg 267(1):50–56
28. Boereboom CL, Phillips BE, Williams JP, Lund JN (2016) A 31-
day time to surgery compliant exercise training programme im-
proves aerobic health in the elderly. Tech Coloproctol 20(6):375–
382
29. Gustafsson UO, Scott MJ, Schwenk W, Demartines N, Roulin D,
Francis N, McNaught C, Macfie J, Liberman AS, Soop M, Hill A,
Kennedy RH, Lobo DN, Fearon K, Ljungqvist O, Enhanced
Recovery After Surgery (ERAS) Society, for Perioperative Care.,
European Society for Clinical Nutrition andMetabolism (ESPEN).,
International Association for Surgical Metabolism and Nutrition
(IASMEN) (2013) Guidelines for perioperative care in elective co-
lonic surgery: Enhanced Recovery After Surgery (ERAS((R)))
Society recommendations. World J Surg 37(2):259–284
30. Lassen K, Soop M, Nygren J, Cox PB, Hendry PO, Spies C, von
Meyenfeldt M, FearonKC, Revhaug A, Norderval S, Ljungqvist O,
Lobo DN, Dejong CH, Enhanced Recovery After Surgery (ERAS)
Group (2009) Consensus review of optimal perioperative care in
colorectal surgery: Enhanced Recovery After Surgery (ERAS)
Group recommendations. Arch Surg 144(10):961–969
31. Chen BP et al (2017) Four-week prehabilitation program is suffi-
cient to modify exercise behaviors and improve preoperative func-
tional walking capacity in patients with colorectal cancer. Support
Care Cancer 25(1):33–40
Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.
Support Care Cancer
